Summary-Nitrogenase activity estimated in the rhizospheres of rice, maize and different tropical grasses grown under controlled laboratory conditions was shown to depend upon plant species. High nitrogenase activity (2000-6000 nmoles CzH4 h-' g-' dry root) occurred in rice rhizosphere, this activity being only 10 times lower than that of symbi0ticsystems;inthe rhizosphere of many other grasses grown in a similar way nitrogenase activity was as low as 10 nmoles C2H4 h-l g-' dry root. The influence of soil type on nitrogenase activity was impressive; but the exact nature of the factors implicated could not be established. A rather weak flush of nitrogenase activity in the rhizosphere occurred in the early stage of the plant growth; it was probably due to the exudation of compounds from the seedandlasted 2 or 4 daysaccording to the size of the seed. When the plant entered into its intense photosynthetic phase, the nitrogenase activity gradually increased. When the shoots were severed, nitrogenase activity in the rhizosphere ceased. Nitrogenase activity in the rhizosphere responded greatly to light intensity. Extrapolation of these laboratory findings to the field is discussed.
INTRODUCTION
THE ECOLOGICAL significance of non-symbiotic nitrogen fixation in the rhizosphere is one of the most controversial problems in the field of soil biology. Some authors, who have studied the role of Azotobacter in the rhizosphere, think that the contribution of this bacterium to nitrogen enrichment is negligible (Mishustin and Shilnikova, 1969) . On the other hand, it has been suggested that, at least under tropical climates and in the rhizosphere of some plants, non-symbiotic nitrogen fixation must not be overlooked (Döbereiner, 1968) . For 2 yr, we have been studying this problem using acetylene reduction assay in the case of laboratory grown plants (Hauke-Pacewiczowa et al., 1970; Rinaudo et al., 1971; Balandreau et al., 1971 ; Weinhard et al., 1971) . This paper presents results from a number of recent experiments in which some major factors affecting nitrogenase activity have been examined in the rhizosphere of various plants.
MATEXIAL,S AND METHODS

Soils
Most of the soils used were tropical and were sampled to a depth of approximately 10 cm (Table 1) . 
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Acetylene reduction assays
The technique was similar to that of Hardy et al. (1968) and Stewart et al. (1967) except that test materials were exposed to a gas mixture containing 90 per cent Ar and 18 per cent C2H2, previous experiments having shown that omission of oxygen did not impede CzHz reduction . This technique was used with two systems: (1) 'soil + plant' systems (rhizosphere soils) extracted in one piece from the growth vessels;
(2) 'control soil' systems (non-rhizosphere soils), where no plants had been grown. These materials were exposed at 30 f 1°C to gas mixture, in the dark, for about 4, 7, 20, 24 and 30 h. Maximum CzHz reduction rates, expressed as nmoles C,H, h-l g-l dry weight of soil or root, were calculated from time-course curves of C2H, reduction. The rhizosphere effect was measured as the difference between the activities of 'soil + plant' and of soil alone. The latter was usually negligible. Preliminary experiments showed little difference between tests in which the 'soil + plant' was assayed in the growth containers (Dr. J.
Döbereiner, personal communication), or extracted and assayed in one piece as described above.
RESULTS
Because of the great variability of nitrogenase activity, it is difficult to classify the rhizosphere effects according to plant species. However preliminary results ( When nitrogenase activity was expressed on a root weight basis, time curves, for seedlings growing at 30,000 lux, showed two stages: (1) stage of increase of activity which lasted 5-10 days, (2) stage of stabilization (Fig. 1) or decrease (Fig. 3) . At 3000 lux, a flush of nitrogenase activity occurred during the early stage (Fig. 2) . When nitrogenase activity was expressed on a soil weight basis, time curves, for seedlings growing at 30,000 lux, showed increasing activity throughout the experiment except for a short interval (Fig. 1) . The influence of soil type on nitrogenase activity could be considerable; for instance in the case of Elezrsine coracana, this activity was 100 times greater in soil 5 than in soil 6 (Table 2) .
T
Age of plant (days)
Rice seedlings were grown under normal light (30,000 lux) during a 10-day period, after which half of them were shaded, thus reducing the light to about 3000 lux. Time-curves of nitrogenase activity expressed on a root weight basis showed that within 24 h, shading had reduced nitrogenase activity to one-sixth of the unshaded value (Fig. 3) .
When shoots of rice grown in soil 1 were severed, nitrogenase activity in the rhizosphere decreased sharply (Fig. 4) . Within 5 days from cutting, nitrogenase activity expressed on a soil weight basis was negligible. Identical results had been obtained previously with rice grown in the same conditions in soils 2 and 3 . DISCUSSION 
AND CONCLUSION
Evidence of nitrogenase activity in the rhizosphere * Nitrogenase activity could be demonstrated in the rhizosphere of most of the plants we studied. This activity was rather low in some cases, but in the case of rice it reached values as high as 2000 or 6000 nmoles C2H4 h-l g-' root (dry weight). Compared with results obtained by Yoshida and Ancajas (1970) and Döbereiner et al. (1971) , the latter figures seem abnormally high. In our experiments the soils may have been contaminated by nitrogenfixing algae; but this objection cannot stand, because the C2H2 assays were carried out in the dark and C2H2 reduction-did not decrease with time. Moreover non-rhizosphere soil controls always showed very low nitrogenase activity. It is interesting to compare nitrogenase activities of efficient non-symbiotic nitrogenfixing systems (such as rice rhizospheres) with those of well-known symbiotic nitrogenfixing systems (i.e. legume or non-legume nodules); in the former nitrogenase activity can reach 1000-6000 nmoles C2H, h-l g-l dry root, in the latter, 10,000-80,000 nmoles CzH4 h-l g-l dry nodule (Hardy et al., 1968; Wheeler, 1969; Schwinghamer et al., 1970; DÖ-bereiner et al., 1971) . Expressed on a root weight basis, nitrogenase activity in efficient nonsymbiotic systems was thus about one-tenth of that of symbiotic systems .
-Factors afectigg nitrogenase activity in the rhizosphere
Since the microflora on and around the roots is dependent very largely for its supply of organic nutrients on exudation .from the roots (Rovira; 1965), it was predictable that factors controlling exudation would also control nitrogenase activity. Our experiments have confirmed this assumption.
Some plants species, especially rice, induced a very favorable environment; on the contrary, others, such as Pennisetum purpureum or Panicum maximum, were much less favourable for nitrogenase activity in the rhizosphere.
During the first stages of growth, time-curves of nitrogenase activity in the rhizosphere of seedlings appeared to depend on light intensity. In the case of well-lit seedlings (30,000 lux) nitrogenase activity expressed on a root weight basis, increased progressively with age. In the case of shaded seedlings (3000 lux), this activity occurred as a flush followed by a sharp decrease. As this flush was not light-dependent, presumably it was induced by root exudates supplied by seed reserves . When plants were older (more than 10-20 days in our experiments), nitrogenase activity, estimated on a root weight basis, decreased. Thus in the older parts of rhizospheres, nitrogenase activity would probably be less than in younger regions.
Light intensity, by affecting the photosynthetic process, is known to influence the qualitative and quantitative nature of root exudates (Rovira, 1965; Barber, 1969) . This fact explains that shading caused a dramatic decrease of nitrogenase activity within 24 h; it also explains how shoot removal similarly reduced this activity within a few days.
The influence of soil type on nitrogenase activity in the rhizosphere is considerable, but we do not yet know the exact nature of the factors implicated. Are they biological, physical or purely chemical? Oxygen deficiency is a most important factor (cf. Hauke-Pacewiczowa et al., 1970) , but other factors such as phosphorus and organic matter content, must not be overlooked.
Validity of the acetylene reduction assay
The use of the acetylene reduction assay for estimation of nitrogen-fixing activity implies that the quantity of acetylene reduced is directly related to the amount of nitrogen that could have been reduced. One might expect that, since 6 electrons are required for the reduction .
